INTRODUCTION {#sec1-1}
============

Contrast-enhanced endoscopic ultrasound (CE-EUS) is a new method which allows enhanced characterization, differential diagnosis, and accurate staging of focal pancreatic masses.\[[@ref1][@ref2][@ref3][@ref4][@ref5]\] The method has a high sensitivity and specificity for the diagnosis of pancreatic adenocarcinoma, with pooled values of 0.89 and 0.84 in a recent meta-analysis that included both transabdominal ultrasound and endoscopic ultrasound (EUS) approaches.\[[@ref6]\] Thus, masses visualized as hypovascular, hypo-enhanced as compared to the rest of the pancreatic parenchyma can be correctly classified as pancreatic adenocarcinomas, even in the case of false negative EUS-guided fine-needle aspiration (EUS-FNA).\[[@ref7]\] CE-EUS enhances the grayscale images and allows targeting of aspiration procedures while it also has an incremental effect on diagnostic accuracy when used in conjunction with EUS-FNA.\[[@ref8][@ref9]\]

A large amount of data currently supports the use of contrast-enhancement as a standard of care for ultrasound pancreatic examinations.\[[@ref10]\] Both high and low mechanical index (MI) techniques of contrast-enhancement have been used, and the results have been analyzed in a recent meta-analysis that indicated a pooled sensitivity of 94% and pooled specificity of 89% for the diagnosis of pancreatic adenocarcinoma.\[[@ref11]\] Quantitative analysis by means of time- intensity curves (TICs) has also highlighted the importance of the peak enhancement (maximum intensity), which helps to differentiate between chronic pancreatitis and pancreatic adenocarcinoma.\[[@ref12][@ref13]\] Moreover, there are correlations in between TIC analysis parameters and histopathological variables, such as microvascular density (MVD) detected by CD34 staining.\[[@ref14]\] Thus, although most of the pancreatic adenocarcinomas (88.4%) are hypo-enhanced as compared to the pancreatic parenchyma, the peak enhancement (maximum intensity) seems to correlate with MVD and can be further used as a surrogate marker of blood perfusion.

EXAMINATION TECHNIQUE {#sec1-2}
=====================

The technique for CE-EUS has been described in detail in other articles, and in principle, it is similar to transabdominal CEUS\[[@ref1]\] as stressed in the EFSUMB guidelines and recommendations on the use of contrast in nonliver applications.\[[@ref15]\] Briefly, a second-generation microbubble ultrasound contrast agent (UCA) is injected peripherally; due to the small size (2--10 μm), they reach the entire vascular system, effectively enhancing the backscattered ultrasound signals.\[[@ref2]\] High MI examinations were used initially, with contrast used as an effective signal enhancer for either color Doppler or power Doppler.\[[@ref16]\] Similar to transabdominal applications, low MI examinations based on the second harmonic imaging algorithms were slowly developed and became commercially available to support contrast harmonic imaging (CHI) in real time during EUS.\[[@ref17][@ref18]\]

One of the advantages of CHI-EUS examinations based on low MI algorithms is the absence of motion and blooming artifacts as the contrast induces a specific signal and is restricted to the vascular system (blood pool UCAs).\[[@ref2]\] Moreover, the intensity of the contrast signal can be quantified by calculation of time-related intensity values of the wash-in and wash-out phases, with fitting of the values based on mathematical models.\[[@ref19]\] Thus, a series of parameters can be estimated based on TIC analysis, such as peak enhancement (maximum intensity), rise time, wash-in and wash-out rate, and area under the curve.\[[@ref20][@ref21]\] Both techniques (low and high MI) can easily be combined in the same examination using a sequential approach based on the long persistence of the enhancing effect of microbubbles \[Figure [1a](#F1){ref-type="fig"} and [b](#F1){ref-type="fig"}\].

![(a) Contrast-enhanced color Doppler imaging endoscopic ultrasound using a high mechanical index (0.4) showing hypoechoic pancreatic tumor mass which was completely encasing the celiac trunk at the bifurcation, with encasement also of the splenic and hepatic arteries. (b) Contrast-enhanced endoscopic ultrasound using a specific contrast harmonic imaging mode with a low mechanical index (0.2) showing the same hypoechoic appearance, with scarce vessels inside the tumor as compared to the surrounding pancreatic parenchyma and structures. The mass was completely encasing the celiac trunk at the bifurcation, with encasement also of the splenic and hepatic arteries. (c) Real-time elastography endoscopic ultrasound showing a hard tumor with low values of the strain histogram analysis indicating a low-strain mass, highly suspicious of a pancreatic adenocarcinoma, even in the presence of negative or inconclusive endoscopic ultrasound fine-needle aspiration. (d) Tridimensional reconstruction of contrast-enhanced endoscopic ultrasound performed with low mechanical index in a contrast harmonic imaging specific mode, showing the relationship between the tumor and the celiac trunk at its bifurcation](EUS-5-368-g001){#F1}

CLINICAL APPLICATIONS {#sec1-3}
=====================

The value of contrast enhancement for the differential diagnosis between pancreatic cancer and chronic pancreatitis has been analyzed in a recent meta-analysis that combined the results of both transabdominal and EUS papers.\[[@ref6]\] For the primary objective of the meta-analysis, the pooled sensitivity and specificity for the diagnosis of ductal adenocarcinoma based on the hypovascular, hypo-enhanced appearance were 89% and 84%, respectively. The secondary objective was to distinguish neoplastic and nonneoplastic lesions, where the sensitivity and specificity were 95% and 72%.

Looking specifically at EUS, a recent meta-analysis indicated that both high and low MI techniques are useful for the differential diagnosis of pancreatic adenocarcinoma, yielding a pooled sensitivity of 94% and a pooled specificity of 89%. The area under the receiver operating characteristic curve (AUROC) was 0.9732.\[[@ref11]\] Exclusion of the earlier studies leads to a sensitivity and specificity of 93% and 93%, respectively, with an AUROC of 0.9745.

Our data retrieved from a multicenter trial of quantitative CHI-EUS showed that TIC analysis is helpful for the differential diagnosis of pancreatic adenocarcinoma.\[[@ref12]\] Thus, the peak enhancement and the area under the curve have significantly lower values as compared to the surrounding normal parenchyma. Contrast-enhanced-guided FNA can be further performed not only to target hypo-enhanced, hypovascular areas but also to avoid necrotic and unenhanced avascular areas.\[[@ref9]\]

The most important clinical application for CE-EUS is for the patients with negative EUS-FNA procedures. Thus, contrast-enhanced power Doppler imaging EUS combined with real-time sonoelastography has a high positive predictive value for the diagnosis of pancreatic adenocarcinoma, of over 95%, even for the patients with negative or inconclusive EUS-FNA and a strong suspicion of pancreatic adenocarcinoma \[[Figure 1c](#F1){ref-type="fig"}\]. Furthermore, low MI examinations with CHI modules have a similar positive predictive value (over 95%) while the sequential usage of real-time elastography followed by CHI-EUS leads to a very high specificity (reaching 100%) in the setting of negative EUS-FNA and could consequently be used for the differential diagnosis of focal pancreatic masses.\[[@ref22]\]

Improved staging can be achieved through a better depiction of the surrounding vasculature based on low MI contrast-enhanced harmonic EUS examinations.\[[@ref23]\] Contrast enhancement leads to significantly improved tumor (T) staging as compared to EUS only, with an accuracy of 92% as compared to 69%.\[[@ref24]\] Moreover, the vessels' outlines are better depicted when using CHI-EUS, thus yielding important information for the definition of resectability as well.

PERSPECTIVES {#sec1-4}
============

So far, CHI-EUS has been used for the differential diagnosis of focal pancreatic masses, but applications designed to improve the accuracy of early diagnosis and screening of high-risk cancer would be desirable.\[[@ref23]\] Preclinical usage of targeted UCAs has been described to improve detection of early cancer, based on usage of VEGFR2-targeted microbubble contrast agents, showing increased signal intensity in smaller tumors as compared to control tissues.\[[@ref25]\] Nevertheless, these preliminary data need to be translated to human patients as pancreatic adenocarcinoma behaves in most of the cases (over 90%) as a hypovascular tumor due to the intense desmoplastic reaction. These hypoxic areas could be tentatively reduced through vascular normalization (i.e., an increase in vascularized area, as well as oxygen and nutrient delivery), with a subsequent reduction of factors promoting cancer stem cells and drug resistance.\[[@ref26]\] These tumor microvascular changes can easily be monitored longitudinally in real time by CHI-EUS, leading to a better follow-up of the patients during therapy. Furthermore, usage of CE-EUS for early detection and identification of precursors such as pancreatic intraepithelial neoplasia, intraductal papillary mucinous neoplasms, and mucinous cystic neoplasms might improve the current methodology of pancreatic cancer screening.

Enhanced staging and evaluation of resectability are desirable in locally advanced and borderline resectable pancreatic adenocarcinoma as computed tomography (CT), magnetic resonance (MR), and/or EUS still have significant room for improvement.\[[@ref27]\] Progress in tridimensional ultrasound could enhance staging of pancreatic cancer \[[Figure 1d](#F1){ref-type="fig"}\],\[[@ref28]\] especially in the setting of real-time four-dimensional technologies and/or fusion imaging with PET-CT/MR.\[[@ref29][@ref30]\]

Assessment of perfusion based on CHI-EUS is helpful to predict efficacy of chemotherapy in pancreatic cancer as the presence of vessels indicates a better progression-free survival and overall survival.\[[@ref31]\] Contrast-enhanced EUS can also be used in the assessment of the results of ablative therapy, either by ethanol ablation or by radiofrequency ablation.\[[@ref32]\] Evaluation of tumor perfusion and vascularity pre- and post-ablation therapy is especially useful in the case of hypervascular tumors, for the evaluation of lack of enhanced (perfused) areas after successful treatment. EUS-guided sampling of the portal vein flow has been actually proposed to detect circulating tumor cells, with the aim of better selecting patients for chemotherapy or local resections.\[[@ref33]\] Local delivery of cytotoxic or even magnetic nanoparticles, based on EUS-guided portal vein injections, has also been envisaged in advanced pancreatic adenocarcinoma with liver metastases.\[[@ref34]\]

An interesting concept is that sonoporation (the use of ultrasound to enhance the permeability of cell plasma membranes) might increase local delivery of chemotherapy in pancreatic adenocarcinoma as it has been shown in preclinical studies based on an orthotopic xenograft mouse model of pancreatic cancer and sonoporation after gemcitabine administration.\[[@ref35]\] Targeted therapy approaches can also use microbubble UCAs which can release drugs at the target site.\[[@ref36]\] One such example is the regression of orthotopic pancreatic tumors after paclitaxel nanoemulsions combined with ultrasound induced release of the drug at tumor levels.\[[@ref37]\] Translation of these preclinical data into clinical studies will clarify the potential usage of targeted ultrasound approaches.
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